Background: Cardiovascular disease is the leading cause of death and disability worldwide. Therefore, as part of the Dyslipidemia International Study (DYSIS), we have analyzed the prevalence of lipid abnormalities and risk factors for dyslipidemia in statin-treated patients in Lebanon and Jordan. Methods: This cross-sectional, multicenter study enrolled 617 patients at 13 hospitals in Lebanon and Jordan. Patients were at least 45 years old and had been treated with statins for at least 3 months. Multivariate logistic regression analysis was used to determine patient characteristics contributing to dyslipidemia during statin therapy. Results: Our findings indicated that 55.9% of statin-treated patients (mean age 60.3 years, 47% female) in Lebanon and Jordan did not achieve goal levels for low-density lipoprotein cholesterol which were dependent on Systematic Coronary Risk Evaluation (SCORE) risk, and 70% of patients (76% men and 63.3% of women) were at very high cardiovascular risk. Low-density lipoprotein cholesterol goals were not achieved in 67.2% of those with very high cardiovascular risk. The most commonly prescribed statin was atorvastatin (44.6%), followed by simvastatin (27.7%), rosuvastatin (21.2%), fluvastatin (3.3%), pravastatin (3%), and lovastatin (0.2%). Approximately half of the population was treated with a statin dose potency of 4, equaling 40 mg of simvastatin. In Lebanon and Jordan, the strongest independent associations with low-density lipoprotein cholesterol not at goal were current smoking (odds ratio [OR] 1.96; 95% confidence [CI] 1.25-3.08), diabetes mellitus (OR 2.53; 95% CI 1.70-3.77), and ischemic heart disease (OR 2.26; 95% CI 1.45-3.53), while alcohol consumption was associated with reduced risk (OR 0.12;. Conclusion: We observed that many patients in Lebanon and Jordan experienced persistent dyslipidemia during statin treatment, supporting the notion that novel lipid-lowering strategies need to be developed. Also, social programs aimed at combating the extremely high rates of tobacco use and obesity in Lebanon and Jordan are critical for combating cardiovascular disease in these countries.
Introduction
The World Health Organization has estimated that cardiovascular disease (CVD) accounted for more than 30% of deaths worldwide in 2008, and by 2030, almost 25 million people are predicted to die as a result of CVD. 1 However, it is strongly believed that some of these cardiovascular-related deaths can be prevented by implementation of adequate treatment and preventive measures. In Lebanon and Jordan, CVD accounts for 45% and 40% of deaths, respectively. 3, 4 This high prevalence of CVD is likely associated with several known risk factors, including tobacco smoking, alcohol consumption, physical inactivity, and poor diet. These lifestyle choices can lead to several conditions that directly contribute to CVD risk (eg, diabetes mellitus, obesity, dyslipidemia, hypertension). 5, 6 In particular, the prevalences of obesity and tobacco smoking are very high in Lebanon and Jordan. Strikingly, the rates of obesity in Lebanon and Jordan are 27.4% and 30%, respectively. 3, 4 In addition, according to the World Health Organization, the rates of tobacco use in these countries are among the highest in the world, 7 with almost half of all males aged $15 years being smokers. In addition, Lebanon has a very high rate of tobacco use among females (31% of women aged $15 years) as well as the highest prevalence of smoking among minors, ie, those aged 13-15 years (boys, 65.8%; girls, 54.1%). Thus, it is critical that Lebanon and Jordan implement preventative measures to combat these well-known CVD risk factors.
Although lifestyle changes are essential for combating CVD, it is also known that cardiovascular risk can be reduced by statin therapy. 8, 9 Research has shown that for every 1 mmol/L reduction in low-density lipoprotein cholesterol (LDL-C) level, there is a 23% decrease in CVD risk. [10] [11] [12] [13] Moreover, it has been suggested that reduced high-density lipoprotein cholesterol (HDL-C) and elevated triglyceride levels might also contribute to CVD. 14, 15 Nevertheless, recent studies have indicated that patients undergoing statin treatment can experience persistent dyslipidemia, which can involve all three lipid irregularities (ie, raised LDL-C, decreased HDL-C, and elevated triglycerides). [16] [17] [18] [19] Therefore, the ongoing Dyslipidemia International Study (DYSIS) has systematically assessed the efficacy of statin therapy in patients from several countries around the world to better understand the risk factors associated with dyslipidemia and CVD. 16, [20] [21] [22] [23] [24] [25] [26] In the present analysis, which is part of DYSIS, we analyzed the prevalence of lipid abnormalities in patients receiving chronic statin therapy in Lebanon and Jordan. We also identified specific risk factors leading to dyslipidemia in these countries, contributing to our understanding of CVD risk. Notably, this information can promote the implementation of much needed programs for preventing and treating CVD in Lebanon and Jordan.
Materials and methods

Study design and patients
This DYSIS in Lebanon and Jordan was an observational, cross-sectional, multicenter study conducted between December 8, 2011 and April 30, 2012 at eight hospitals in Lebanon and five hospitals in Jordan. Data were collected using local language case report forms. Prior to the study, informed consent was obtained from all patients, and local ethical review committees approved the study protocol. A total of 617 patients comprising 325 men and 290 women (for two patients, sex was not documented) were enrolled based on the following criteria: age at least 45 years, treated with statins for at least 3 months, and at least one fasting blood lipid profile available while on statins (within the previous 6-12 months). We were not able to obtain a lipid profile before starting treatment for dyslipidemia.
Data collection
Patient demographic, lifestyle, and clinical characteristics were documented. In addition, their serum lipid levels (LDL-C, HDL-C, total cholesterol, and triglyceride) were determined based on their most recent blood tests (within 6-12 months). The lipid-lowering regimen used by each patient at the time of lipid measurement was also recorded. In particular, information was collected pertaining to type of statin, dose level, and other lipid-modifying therapies utilized. Potency of the various statins was normalized using a calculation that allows benchmarking against six different simvastatin dose levels (5, 10, 20, 40, 80 , and 160 mg/day), with potency scores ranging from 1 (5 mg/day simvastatin) to 6 (160 mg/day simvastatin). 27, 28 The dose considered equivalent to 40 mg of simvastatin was 20 mg for atorvastatin, 160 mg for fluvastatin, 4 mg for pitavastatin, 80 mg for lovastatin, 80 mg for pravastatin, and 5 mg for rosuvastatin.
Cardiovascular risk classification
Cardiovascular risk, LDL-C treatment goals, and abnormalities in HDL-C/triglyceride levels were classified based on 2011 European Society of Cardiology guidelines. 29 Multivariate logistic regression analysis was used to analyze associations between baseline variables and dyslipidemia. The following variables were considered: age ($70 years), female sex, family history of premature coronary heart disease, current smoking, sedentary lifestyle, alcohol consumption (.2 units/week), body mass index $30 kg/m 2 , waist circumference (.102 cm in men, .88 cm in women), hypertension, diabetes mellitus, ischemic heart disease, cerebrovascular disease, heart failure, peripheral artery disease, systolic/diastolic blood pressure $140/90 mmHg, equivalent simvastatin dose (20- 
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Statistical analysis
The data were entered into a central database housed and managed at the Institut für Herzinfarktforschung, Ludwigshafen, Germany. During web-based entry, internal logic checks provided real-time quality control. Continuous variables were presented as means with standard deviations or medians with 25th and 75th percentiles (interquartile range). Categorical variables were reported as absolute numbers and percentages. Kernel density plots were used to examine distributions of total cholesterol, LDL-C, HDL-C, and triglyceride levels. Multiple logistic regression analyses with backward selection (α=0.05) were used to identify variables that were independently associated with LDL-C, HDL-C, and triglyceride irregularities. Two-tailed statistical comparisons were used (P,0.05 was statistically significant), and patients lacking the appropriate lipid parameters were not included. The statistical analysis was performed using SAS version 9.1 (SAS Institute Inc., Cary, NC, USA).
Results
Patient characteristics
Patient characteristics, risk categories, and lipid parameters are presented in Table 1 . The study population (47% female) was predominantly of Arabic descent and had a mean age of 60.3 years. The rates of family history of premature coronary heart disease (36.2%), hypertension (72.9%), and diabetes mellitus (51.8%) were found to be similar among men and women. However, men were more often cigarette smokers (33.5% versus 22.8% of women) and showed almost twice the rate of CVD (47.1%) relative to women (28%). On the other hand, women displayed more metabolic syndrome (78.5% versus 68.6% of men) and obesity (47% versus 38.8%, respectively). Using the 2011 European Society of Cardiology criteria, 70% of the population (76% men and 63.3% of women) were classified as very high risk for cardiovascular complications (defined as having CVD, diabetes mellitus, and/or a European Society of Cardiology Systematic Coronary Risk Evaluation 29 [SCORE] risk $10%). Figure 1 ).
lipid abnormalities
Data regarding lipid abnormality frequencies, including subanalyses based on CVD risk level, are shown in Tables 2 and 3 . Among all patients with a total lipid profile available (n=539 ,  Table 3 ), 56.2% had LDL-C levels not at goal; 45.3% had low HDL-C levels, and 42.1% had elevated triglycerides. Similarly, the most prevalent lipid disorder in very high-risk patients (n=367) was above target LDL-C levels (67.0%), followed by low HDL-C levels (49.0%) and elevated triglycerides (42.2%). On the other hand, although high-risk patients (n=36) most frequently showed LDL-C levels above goal (61.1%), this subgroup displayed slightly more elevated triglycerides (38.9%) than low HDL-C (36.1%). In moderaterisk patients (n=96), the rates of these three lipid profiles were more evenly distributed (above target LDL-C, 36.5%, low HDL-C, 43.8%; elevated triglycerides, 43.8%). Notably, these frequencies were similar to what was observed when analyzing the entire study population. A subanalysis of lipid abnormalities in very high-risk individuals having a total lipid profile was also performed, stratifying patients based on the following categories: CVD with diabetes mellitus, CVD only, diabetes mellitus only, and a SCORE risk of $10% (Table 3) . Among those with both CVD and diabetes mellitus, 68.5% displayed off-target LDL-C levels ($1.8 mmol/L), 55.9% showed low HDL-C levels, and 49.5% had elevated triglyceride levels. Those having only diabetes mellitus displayed a similar trend, but with slightly lower rates (above target LDL-C, 65.1%; low HDL-C, 51.0%; elevated triglycerides, 40.9%). Although patients with CVD displayed a similar prevalence of high LDL-C (67.4%), these individuals had the lowest rates of low HDL-C (39.1%) and elevated triglycerides (32.6%). Strikingly, the SCORE risk of $10% group showed the highest proportion of patients with LDL-C not at target (73.3%) and elevated triglycerides (60.0%). In addition, we conducted this same analysis in all high-risk patients, irrespective of total lipid profile, and observed similar results. Taken together, we found that LDL-C not at goal was the most common lipid irregularity observed in all of the high-risk categories. 
229
Factors influencing dyslipidemia in statin-treated patients Additionally, we used kernel density curves to demonstrate that the very high-risk group had lower overall LDL-C levels than not very high-risk patients (European Society of Cardiology guidelines for LDL-C goals indicated as superimposed vertical lines, Figure 2 ). We also used these curves to demonstrate that women maintained higher overall HDL-C levels in the not very high-risk group in comparison with men, whereas very high-risk women and men displayed similar HDL-C levels. Moreover, similar triglyceride levels were observed for the two risk groups.
Distribution of lipid abnormalities
The distributions of single and multiple combined lipid abnormalities are shown in Figure 3A -F. We first analyzed the distributions of not very high-risk patients who had at least one abnormality ( Figure 3A) . We observed that 57.2% had only one lipid abnormality, 29.9% had two lipid abnormalities, and the remaining 12.9% had all three lipid abnormalities. For these not very high-risk patients, elevated triglycerides represented the largest single abnormality (21.8%), accounting for approximately 40% of all not very high-risk patients with one abnormality. In contrast, the majority (59.6%) of very high-risk patients with at least one abnormality ( Figure 3B ) had two or more lipid abnormalities (one, 40.4%; two, 42.6%; three, 17%). Moreover, high LDL-C was the most frequent single abnormality observed for very high-risk patients (21.9%), accounting for .50% of patients with one abnormality in this subgroup. Also in this population, low HDL-C and elevated triglycerides were the least likely to coexist in cases involving two simultaneous lipid irregularities (15.7% of patients with double abnormalities).
In Figure 3C and D we present distributions similar to those described above; however, this time we include information for not very high-risk patients and high-risk patients with no lipid abnormalities. Among the not very high-risk patients, 27.9% had no abnormalities, whereas 10.4% of very high-risk individuals showed no abnormalities. Overall, we observed that although the proportions of lipid abnormalities were slightly less in distribution plots that included those with no lipid abnormalities, the overall trend of the results remained unchanged.
The lipid abnormality distribution for all patients with at least one irregularity is shown in Figure 3E . We observed that 45% of statin-treated patients in this group harbored a Notes: *Very high risk = cVD, diabetes, and/or scORe risk $10% (chronic kidney disease was not documented in DYSIS); † LDL-C $3.0 mmol/l in patients with scORe risk 1%-4%, lDl $2.5 mmol/L in patients with SCORE risk 5%-9%, LDL-C $1.8 mmol/l in patients with cVD, diabetes, and/or scORe risk $10%; data on 546 patients were available for "all patients"; ‡ data on 600 patients were available; § data on 601 patients were available; Δ in the 2011 ESC guidelines, no LDL-C goal was specified for the low-risk group; low HDL-C was defined as ,1.0 mmol/l for men and ,1.2 mmol/L for women; elevated TG was defined as .1.7 mmol/l. Abbreviations: CVD, cardiovascular disease; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; DYSIS, Dyslipidemia International Study; ESC, European Society of Cardiology; SCORE, Systematic Coronary Risk Evaluation. 
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azar et al single abnormality, 39% had two abnormalities, and 15.9% all three lipid abnormalities. The most frequent single irregularity was high LDL-C (20.5%), accounting for approximately half of all patients with one lipid abnormality. Also, low HDL-C and elevated triglycerides were less likely to coexist in cases involving two lipid irregularities (22% of patients with double abnormalities). Finally, we found that adding patients with no lipid abnormalities to this distribution led to a slight decrease in the percentages but did not alter our overall findings ( Figure 3F ).
Variables having an independent association with dyslipidemia
We identified several variables independently associated with abnormal LDL-C, HDL-C, and triglyceride levels in Lebanon and Jordan (Table 4) . LDL-C level not at goal was correlated with current tobacco smoking, alcohol consumption (.2 units/week), diabetes mellitus, and ischemic heart disease. Variables associated with low HDL-C levels in multivariate logistic regression analysis included sex (female), current tobacco smoking, and diabetes mellitus.
Finally, elevated triglyceride levels were found to be associated with waist circumference. Notably, the strongest independent indicators for the presence of all three of the lipid irregularities were tobacco use and diabetes mellitus.
Discussion
In this latest DYSIS investigation, we found that .70% of statin-treated patients in Lebanon and Jordan could be classified as being at very high risk for cardiovascular complications. Even with ongoing statin therapy, goal LDL-C levels were not attained in over half of all patients, including approximately 67% of those considered to be at very high risk. Moreover, low HDL-C and elevated triglycerides were observed in 48% and 41% of all statin-treated patients, respectively. We detected at least one lipid irregularity in three quarters of the study population, with 11.7% simultaneously displaying all three of the lipid abnormalities (ie, high LDL-C, low HDL-C, and elevated triglycerides).
In Lebanon and Jordan, we identified diabetes mellitus and tobacco smoking as the patient characteristics most strongly associated with dyslipidemia involving all three lipid 
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Factors influencing dyslipidemia in statin-treated patients abnormalities in statin-treated patients. Strikingly, over half of our study population had type 2 diabetes, and the rates of tobacco use in Lebanon, in particular, and Jordan are among some of the highest in the world. 7 Also, these two countries have an extremely high prevalence of obesity (approximately 30% each), 3, 4 which along with tobacco smoking is strongly linked with the development of type 2 diabetes. 30, 31 Thus, the high prevalence of diabetes mellitus observed in this population may not be surprising.
Based on our findings, it appears that obesity and smoking should be robustly targeted in preventative and therapeutic interventions in Lebanon and Jordan. Specifically, emphasis should be placed on the development of social programs to discourage tobacco use among minors in Lebanon, where statistics regarding youth smoking are alarming. 3 In addition, approximately one third of women in Lebanon use tobacco, compared with 6% in Jordan, 3 representing another demographic that would benefit heavily from control initiatives. However, it appears that implementing such tobacco prevention programs may be a challenge in Lebanon, given that a recent ban on smoking in public areas passed by the Lebanese government in September 2012 has been largely ignored. 32 In addition to identifying patient characteristics associated with dyslipidemia in statin-treated patients, DYSIS has highlighted the inadequacy of current lipid-lowering treatment strategies in Lebanon and Jordan. The results obtained here are similar to those found in other recent DYSIS studies conducted in various regions of the world. 16, [20] [21] [22] [23] [24] [25] [26] In addition, other researchers analyzing the efficacy of lipid-lowering therapies have supported these conclusions. 17, 19 Collectively, these studies suggest that novel therapeutic approaches need to be developed or existing treatment strategies improved. No lipid abnormalities 
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In this regard, it has been suggested that high doses of statins or combination therapies could be utilized to achieve LDL-C targets in high-risk patients. [33] [34] [35] On the other hand, attempts to modify low HDL-C and high triglyceride levels using drugs such as fibrates and niacin have not resulted in a reduction of risk, as suggested by their documented association with increased cardiovascular risk. [36] [37] [38] This DYSIS study had several limitations. Data for this investigation were collected at a single point in time, so did not permit analysis of the effects of statins over time or longterm cardiovascular risk. In addition, inclusion in the study was restricted to subjects receiving statin treatment, potentially creating bias in our results. Also, serum lipid levels were analyzed by local laboratories prior to the start of this study, which may have introduced variation in the patient data used in determining rates of dyslipidemia. Moreover, it is possible that patients' treatment regimens changed since the time when the original lipid measurements were obtained. Finally, we were not able to assess compliance/adherence issues, which might have contributed to the present results. However, despite these potential limitations, this study of dyslipidemia in Lebanon and Jordan has yielded fundamental information about the factors contributing to CVD risk in statin-treated patients.
Conclusion
DYSIS in Lebanon and Jordan has supported recent findings that suggest the inadequacy of current statin therapy protocols. Half of all statin-treated patients in Lebanon and Jordan did not meet target lipid levels and almost three quarters were at very high-risk for CVD. Our findings support the notion that novel dyslipidemia treatment strategies need to be considered. Also, it is essential that social programs aimed at lifestyle modification be initiated in Lebanon and Jordan, with special emphasis on tobacco use, diet, and physical activity. In particular, initiatives aimed at preventing smoking in youth and women are vital in Lebanon for combating CVD.
